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Abstract 
Combined with 5th-order WENO (Weight Essentially Non-oscillatory) scheme and immersed boundary method, blast waves passing four 
different obstacles are investigated numerically. Efforts have been made to understand the effect of the shape of the obstacles to the 
attenuation of the incident blast waves. Our numerical results clearly show that the interaction processes of the incident shock and the 
obstacles, the corresponding pressure histories during the interaction have been obtained. It shows that the right-faced right angled 
triangle has the better effects on blast wave attenuation than the left-faced right angled triangle, isosceles triangle and rectangle. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
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Nomenclature 
D diffracted shock 
E expansion fan 
H barrier height 
I incident shock 
P0 atmospheric pressure 




i  number of cases 
j  number of barrier inside tunnel 
 
1. Introduction 
Shock waves or blast waves generated by explosions would cause injury to human and damage to structures and 
equipment. Especially in recent years, due to the frequent occurrence of various explosions and the successful application of 
fuel air bomb in military, investigations on blast wave attenuation have received increasingly attention. So far some relative 
prevention methods are focused on the use of water mist, venting, blast separation etc. In addition, previous researches show 
that, the interaction of blast waves with barriers can attenuate its intensity promptly under certain conditions. Based on these 
phenomena, we investigated the interaction mechanism of blast wave with four different shapes of barriers. 
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Dosanjh[1] pioneered the investigation to observe and explain the chocking phenomenon in the supersonic flow 
immediately behind the obstacle. Sasoh et al.[2] investigated attenuation of weak shock waves along pseudo-perforated 
walls by using holographic interferometer and also by numerical simulation. Britan et al.[3] investigated the attenuation of 
an incident shock with porous barriers of different geometries and porosities. Gongora et al.[4] studied shock wave 
propagating through junction with five different bifurcation angles: 0, 30, 45, 60 and 90 grooves, the effect of roughness 
was simulated by introducing grooves on the lower wall of the junction, while the upper wall was smooth. Berger et al.[5] 
investigated the shock wave attenuation passing through different types of obstacles experimentally for both single-obstacle 
cases and multi-obstacle cases. Epstein et al.[6] investigated numerically the interaction of shock and blast waves with 
porous barriers of different porosities and thicknesses which are modeled by system of regular spaced cylinders and spheres. 
In the present paper, four different shapes of barriers were used to investigate their effects on the blast wave attenuation. 
The two-dimensional compressible LES Navier-Stokes equations by Faver filtering were used as the governing equations, 
which were solved using the finite volume method. A 5th-order WENO scheme was used to discretize the convective term 
and the two-order central difference scheme was used for viscosity term. 
2. Numerical approaches 
The computational model and domains of the shock wave passing barriers with four different shapes inside a tunnel are 
shown in Fig.1. Four barriers with the same height and width are chosen. The Mach number of the inflow is 1.66.The 
computational boundaries of the top and bottom are chosen as reflecting boundaries; the right boundary is outflow condition. 
And the wall condition is adiabatic. The high and low pressure on both sides of the incident shock are chosen to be 3 bar 
and 1 bar (P0), respectively. Air was used as the working gas. The parameters are nondimensionalized using characteristic 
parameters (barrier height H, and P0 etc.). 
 
(a)   (b)  
(c)   (d)  
Fig.1. Computational model of this paper (a) case 1, (b) case 2, (c) case 3, (d) case 4. 
3. Numerical simulation results and discussions 
3.1. Validation case 
To demonstrate the high quality of the numerical results in this study, the Schardin’s problem is chosen as a validation 
case. A planar shock impinges on a triangle prism and is reflected and diffracted. The impingement generates such complex 
flow phenomena as shock wave generates vortex, shock-vortex interaction, shock-vortexlets interaction and acoustic wave 
generation. Fig.2[1] shows comparisons of our computational shadowgraph (Fig.2.a) with corresponding Schardin’s 
experimental shadowgraph (Fig.2.b). An excellent agreement was found between the numerical and experimental results. 
Furthermore, the computational result is clearer showing the shock structures, e.g. reflected shock waves, expansion fans in 
pair with the diffracted shock waves and vortexes, etc. 
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(a)         (b)  
Fig. 2. Comparison of result of (a) our calculation with (b) experiment on Schardin’s problem. 
3.2.  Interacting process 
Fig.3 presents the interacting processes of shock wave with barriers in four cases. The interacting processes of these four 
cases are similar, the incident shock Ii (the subscript “i” denotes four different cases, i=1, 2, 3, 4) reflects on the left side of 
the barrier, the reflected shock Rij (the subscript “j” denotes the number of the barrier inside a tunnel, j=1, 2, 3) expands 
toward the front, then the bottom side of the incident shock is diffracted around the right side of the barrier, an expansion 
fan Eij is generated in pair with the diffracted shock Dij. In case 1, after the incident shock reflected on the left side of the 
barrier, the upstream of the reflected shock merges with the incident shock and reflects on the top side, while in the other 
three triangular cases, the incident shock diffracted around the tip of the triangular barrier immediately after it passed the top 
corner of the barrier, the expansive waves Eij(i=2,3,4;j=1,2,3) merge with the reflected shock Rij(i=2,3,4;j=1,2,3), hence, in 
the three triangular cases, the expansive waves are too weak to be shown in the Fig.3. 
 
(a)     
 
(b)     
 
 (c)     
 
(d)     
Fig. 3. Interacting processes of shock wave with barriers in (a) case 1, (b) case 2,(c) case 3 and (d) case 4. 
3.3. Mechanism of incident shock attenuation 
Fig.4 presents the shadowgraphs of the incident shock and the corresponding pressure distributions (blue lines) along the 
shock front of all four cases at t=0.074375s. At this moment, the incident shock has just passed two barriers. The pressure 
distributions along the shock front of three cases are similar, and it is barely changed on the top side of the incident shock, 
still equals to the initial pressure. But below the interaction point of Eij (the subscript “i” denotes four different cases, i=1, 2, 
3, 4; the subscript “j” denotes the number of the barrier inside a tunnel, j=1, 2, 3) and Ii, due to its diffraction and curve, the 
pressure decreases rapidly and become minimum near the bottom. In case 1, the pressure of along the shock front goes up 
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and down periodically, the increase occurred just down of the interaction point of the reflected waves (R11, R12) and the 
incident shock I1, while the decrease occurred just down of the interaction point of the expansive waves (E11, E12) and I1. In 
the other three triangular cases, the expansive waves Eij merge with the reflected waves Rij; contract the effect of them to the 
incident shock. In case 2 and case 3, there is an increase at the interaction point of the reflected shock and the incident shock, 
the increase in case 2 is much more then which in case 3, while in case 4, there is almost no increase at the interaction point. 
This phenomenon is caused by the different intensity of the downstream part of the reflected shock. The downstream part of 
the reflected shocks in case 4 is very weak, so its effect on the incident shock is very weak correspondingly; the highest 
pressure areas in case 4 locate in front of the left side of the barrier. 
 
(a)  (b) (c)  (d)  
Fig. 4. Shadowgraphs of incident shock and corresponding pressure distribution along shock front (t=0.074375s) in (a) case 1, (b) case 2,(c) case 3 and (d) 
case 4. 
3.4. Efficiency of four different barriers 
The mean pressure histories of the shock front are presented in Fig.5. At the first stage (before the interaction with the 
barriers), the pressure of the incident shock does not change. However, at time Tij (the subscript “i” denotes four different 
cases, i=1, 2, 3, 4; the subscript “j” denotes three barriers, j=1, 2, 3), the incident shock just reached the top corner of the 
barrier (the left-top corner in case 1), the downstream of the reflected shock starts to merge with the incident shock. There is 
a pressure increase in both case 2 and case 3, and the increase in case 2 is less than case 3. In case 4, the mean pressure 
decreases directly, while in case 1, there is a plateau instead. At the interaction point of the incident shock with the latter 
two barriers, there are slight increases on the curves; they are much weaker than the first one though. In the second stage, 
the mean pressure of shock front of all above four cases starts to decrease, the attenuation order of three cases is case 4>case 
2>case 1>case 3. This is caused by the different intensity of the downstream part of the reflected shocks. 
 
 
Fig. 5. Mean pressure histories of shock front. 
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4. Conclusions 
In the present study, the interaction of an incident shock wave with four different barriers is investigated numerically. 
The numerical results indicate that the direct reason of the incident shock attenuation is the effect of the direction and the 
curve of the bottom side of the incident shock. On the other side, the interaction with the reflected waves and the expansive 
waves can also cause the intensity of the incident shock increase and decrease respectively. Our investigations also show 
that, different shapes of barrier can lead to the different intensity of the downstream part of reflected shocks, thereby cause 
different effect on the incident shock. Between these four cases, the right-angled triangle barriers whose windward side is 
vertical to the bottom side (case 4) can attenuate the intensity of the incident shock fastest. 
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